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MEASUREMENTS  OF  NITRIC  OXIDE  ION  yiBRATIONAL  ABSORPTION 
COEFFICIENT  AND  VIBRATIONAL  TRANSFER  TO  N2 

1.  INTRODUCTION 

Interest  In  NO***  vibrational  band  intensities  stems  from  its  relatively  large 
population  in  electron  disturbed  atmosidieres.  The  nitric  oxide  ion  is  the  most  abundant 
ion  in  auroral  and  other  electron  excited  events.  Principal  sources  of  NO'*'  in  the 
upper  atmosphere  are  the  ion  exchange  reactions  No  -t*  O  NO^  -i*  N  and  O^  -i* 

N2  **  NO***  N  and  the  charge  exchange  reactions  of  N2  >  N  ,  O ,  and  O2  with 
natural  atmospheric  NO.  Since  all  of  these  reactions  are  exothermic  omu^  to  excite 
several  vibrational  levels  in  NO'*',  1(0*  (7)  may  provide  an  important  source  of  infrared 
emission  in  the  electron  disturbed  upper  atmos^ere. 

Radiation  firom  vibration  of  NO^  (X  is  in  the  4.3  jum  band,  coincident 
with  the  002(1/2)  emission.  While  002(1/2)  emissions  dominate  in  the  undisturbed 
atmosphere,  self-absorption  by  cold  CO2  limits  its  emission  signal  to  the  wings 
of  the  CO2  band.  For  any  sensor  system  designed  to  operate  in  these  regions, 
the  effects  of  NO^(v)  radiation  on  these  systems  may  be  of  great  importance. 

Because  of  the  intense  002(1/2)  emission,  NO^(v)  radiation  has  not  been  detected 
during  auroral  events  except  perhaps  to  explain  very  prompt  emission  during  an 
IBC  m  auroral^' The  only  unambiguous  NO^  emission  in  the  upper  atmosphere 
was  observed  during  a  nuclear  test  In  19621^^ 

While  the  radiative  lifetime  of  NO***  has  never  been  measured.  Stair  and  Gauvln^^^ 
have  inferred  an  integrated  absorption  coefficient  of  «  500  cm*^  atm~^  from  the 
1962  onclear  observatioDS  past  the  CO2  bine  spike  region.  This  value  was  obtained 
throu^  various  assumptions  of  vibrational  equiUbrlnm  and  atmospheric  transmission. 
Ihe  only  other  information  of  the  vibrational  lifetime  of  NO'*'  has  been  from  ab 

Ulwick,  ICECAP  1975  Data,  paresented  at  DNA  HAES  Meeting  (June  1977). 

Rumer,  ‘Analysis  of  4.  Zfi  ICECAP  Data,"  AFCRL-TR-740334  (Jhly  1974). 

^^A.  T.  Stair  and  H.  P.  Gsuvin,  Aurora  and  Airglow.  B.  M.  McCormac,  Ed. 

Relnhold  Press  (1967). 
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calculations  by  F.  BiUlngsley^^^  and  H.  H.  Mchels.^^^  Billingsley  obtained  a  ground 

state  integrated  absorption  coefQcient  of  «  88. 9  om“^  atm"^  using  a  multi- 

couflguratlon  self-consistent  field  (MC  SCF)  approach.  Similarly,  Michels  arrived  at 

-2  -1 

a  calculated  value  of  Slu  ■  168  cm  atm  . 

The  purpose  of  this  study  is  to  measure  the  radiative  lifetime  of  NO'*'  vibrational 
bands  in  the  X  ground  state  and  to  measure  the  transfer  of  vibration  between  NO'*' 
and  N2  uiiose  vibrational  energies  are  in  close  resonance. 

This  paper  describes  the  experimental  determination  of  NO^  Av  >  l  integrated 
absorption  coefficient  in  the  v  *  0,  v  »  1,  and  v  «  2  levels,  and  quenching  of  the  v  *  1, 
V  «  2,  and  V  a  3  levels  by  N2.  The  experimental  arrangement  is  presented  in 
Section  2.  Besults  of  the  experimental  determination  of  the  NO'*'  absorption 
coefficient  are  presented  in  Section  3.  In  Section  4,  we  discuss  die  experimental 
determination  of  the  quenching  of  NO'*'  (v)  by  N2.  A  discussion  of  our  results  is 
presented  in  Section  5. 


Billingsley,  n,  Cbem.  Phys.  Lett  23  160  (1973). 

H.  Michels,  "Air  Molecular  Computatian  Studyj'  AFGL  TR-77-0032  (1977). 
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Pressure  Gage 


2.  EXPERIMENTAL  ARRANGEMENT 


The  experimental  arrangement  for  measuring  the  absorption  coefficient  of  NO*** 
is  shown  in  Figure  1.  Approximately  1  torr  of  research  grade  nitric  oxide  was  put 
into  the  test  chamber.  Hie  nitric  oxide  was  photoionized  by  a  set  of  6  ultraviolet 
discharge  lamps,  three  on  each  side  of  the  chamber.  These  flash  lamps  provided  an 
active  region  of  aiqiroximately  13  cm  long  in  which  NO*^  was  formed.  The  photoionized 
NO'*'  was  studied  in  absorption  by  passing  a  beam  of  infrared  laser  ll^t  throu^  the 
photoionization  region.  White  cell  (^tics^^^  were  placed  on  the  two  ends  of  the  chamber 
to  allow  multiple  passes  of  the  infrared  laser  li^t  throu^  the  photoionized  region. 
Light  absorbed  by  NO***  formed  in  this  region,  together  with  the  number  density  of  NO'*' 
in  the  chamber,  gave  the  absorption  coefficient  for  the  particular  vibration-rotation 
state  of  Interest. 

A  tunable  diode  laser  (Laser  Analytics)  was  used  for  the  infrared  source  to 
measure  the  NO*^  (v)  absorption.  This  laser  was  brou^t  to  focus  on  the  entrance 
aperture  of  the  White  cell  optical  arrangement.  Up  to  104  passes  through  the  NO'*' 
region  was  obtainable  using  tMa  arrangement.  However,  only  68  passes  were  used 
during  experimental  runs  to  minimize  intensity  fluctuation  due  to  floor  vibiratiLons.  The 
laser  beam,  after  exiting  from  the  White  cell  mirrors,  was  brou^t  to  focus  on  the 
entrance  slit  of  a  Im  Czemy-Tumer  monochromator.  The  monochromator  was  vised 
to  both  select  the  frequency  mode  of  the  laser  and  to  filter  out  the  infrared  components 
of  the  UV  lamp  energy.  To  accomplish  this,  the  slit  width  of  the  monochromator 
was  set  to  give  a  spectral  halfwldth  of  1  cm~^  in  the  laser  spectral  region.  The  ligh^ 
exiting  from  the  monochromator  was  brought  to  focus  on  a  1  mm  diameter  InSb 
photovoltiac  detector  whose  signal  was  amplified  and  fed  into  an  oscilloscope. 

Because  of  the  spectral  coincidence  between  NO*^  and  CO2  bands,  the  CTtire  optical 
train  was  flushed  with  dry  nitrogen.  The  spectral  locations  of  specific  CO2  lines 
were  also  used  for  laser  frequency  calibration. 

The  reference  transmission  level  through  ihe  optical  train  was  obtained  by 
chopping  the  optical  path  in  front  of  the  monochromator.  This  chopped  signal  gave 

White,  J.  Opt.  Soc.  Am.  32,  285  (1942). 


the  system  traosmission  in  the  absence  of  NO"*" .  The  chopper  was  then  turned  off 
in  the  open  position  during  the  operation  of  the  ^otolonlzlng  lamps.  The  ratio  of 
laser  intensity  transmitted  after  the  formation  of  NO'*'  to  that  before  formation  of 
NCT*',  thus  provided  the  spectral  extinction  rate  as  a  function  of  the  laser  wavelengib 
and  time.  Since  the  halfwldth  of  the  laser  line  (  ~10~^  cm"^)  was  much  narrower 
than  the  Ooi^ler  width  of  the  absorbing  line  (-5  x  10~^  cm~^),  the  integrated 
absorption  coefficient  of  the  NO*^  (v,  J)  transition  could  be  measured  by  tuning  the 
laser  across  several  points  of  the  absorption  line. 

A  typical  calibration  curve  for  the  tunable  diode  laser  is  shown  in  Figure  2. 
Because  of  the  temperature  cycling  of  the  diode  from  room  temperature  to  lO^K  as 
the  laser  Dewar  was  filled,  the  actual  tuning  range  varied  from  day  to  day.  However, 
the  laser  usually  tuned  over  at  least  one  vibration  rotation  line  per  temperature 
cycling.  Note  that  the  tuning  slope  of  the  laser  varied  with  current.  The  actual 
tuning  slope  for  the  particular  wavelength  of  interest  was  obtained  for  eadi  run  in 
order  to  obtain  the  absorption  halfwldth  as  well  as  location  of  the  absorbing  NO^(v) 
line. 

The  ultraviolet  lamps  used  in  this  apparatus  were  of  a  modified  Lyman  configura¬ 
tion  providing  a  29000<)K  blackbody  continuum  radiation  vlien  discharged.^'^'  Helium 
gas  was  passed  through  the  lamps  at  approximately  3  torr  pressure .  All  6  lamps 
were  discharged  simultaneously  by  triggering  6  spark  gaps  In  parallel,  each 
connecting  1  flash  lamp  to  a  hi^  si)eed  capacitor  charged  to  10  kv  at  4  /iF.  The 
time  synchronization  between  lamp  discharges  was  within  1  and  2  ^s  in  all  experimental 
runs. 

The  output  from  each  lamp  was  monitored  by  an  ionization  detector  placed 
behind  the  region  monitored  by  the  White  cell  optics  in  the  absorption  chamber.  The 
purpose  of  these  ion  detectors  was  to  oisure  that  sufficient  ion  pairs  were  produced 
during  each  experimental  nm.  The  actual  ion  density,  as  a  function  of  time,  was 
determined  separately.  Each  ionizatimi  detector  consisted  of  a  pair  of  parallel 

77) 

'  'T.  Lyman,  Science  64.  89  (1926). 

F.  Holzrichter  and  J.  L.  Emmett,  Appl.  Opt 


..  8,  1459  (1969). 


Laser  Current  (amps)  ’  , 

AL*lol3 

Flsore  2.  Typical  Laser  Turning  Curves  From  Diode  Laser. 

Relative  Laser  Intensities  Varied  with  Time  and  Laser  Current. 

plates  across  which  was  put  a  300V  potential.  Electrons  produced  in  the  photoioniza¬ 
tion  would  be  attracted  to  the  anode  plate  causing  current  to  Row.  The  cathode  and 
anode  were  shielded  from  UV  U^t  through  a  pair  ai  guard  rings  placed  at  ground 
potmitlal.  Ihe  potential  dlffermice  between  the  aimde  and  ground  was  measured 
across  33012  resistor.  The  change  in  potential  was  then  proportional  to  the  current 
through  the  anode,  hence,  the  number  of  photoelectrons  produced.  Using  this 
measurement  scheme,  it  was  established  that  more  than  10^^  ions  pairs  per  cm^ 
were  produced  per  flash  along  the  lamp  axis  within  the  absorption  cell  when  the  cell 
was  filled  to  1  torr  with  NO. 
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In  order  to  obtain  the  vibrational  transfer  cross  section  from  NO^(v)  to  N-, 

provision  was  also  made  to  bleed  a  partial  pressure  of  N2  Into  the  absorption  chamber. 

The  pressure  In  the  cell  was  monitored  by  a  baratron  pressure  gage,  reading  from 

0  to  10  torr  witii  a  least  count  of  10  torr.  The  partial  pressure  of  N„  was 

2 

raised  until  NO‘*'(v)  transfer  to  N2  caused  a  more  rapid  decrease  In  the  extinction  of 
diode  laser  signal  in  the  v  »  1  and  higher  vibrational  states  than  would  be  attributable 
to  dissociative  recombination.  The  quenching  of  laser  li^t  extinction  by  N2«  as  a 
function  of  N2  pressure,  thus  gave  a  transfer  rate  of  NO'*'  (v,  J)  to  N2> 

The  absorption  of  laser  li^t  by  NOt  formed  during  photoionization  typically, 
gave  a  signal  as  shown  in  Hgnire  3.  This  trace  represents  the  ac  component  of  laser 
11^  falling  on  the  detector.  Discharge  noise  caused  a  large  positive  spike  which 
triggered  the  oscilloscope.  NO^  formed  by  photoionization  absorbed  the  laser 
emission  giving  the  drop  in  total  Intensity.  Dissociative  recombination,  together  with 
quenching  of  the  vibration  rotation  line  by  NO  and,  as  in  Figure  3,  1  torr  of  N2* 
caused  the  signal  level  to  return  to  its  dc  level.  The  noise  at  late  times  was  typical 
of  die  detector  noise  within  the  system  even  when  no  laser  signal  was  present. 


Figure  3.  Typical  Oscilloscope  Trace  of  The  ac  Component  of  Transmitted 
Laser  Light.  Horizontal  Scale  Represents  10  ^s/dlv.  Vertical  20  mV/dlv. 

Ihe  Test  Chamber  Was  Filled  With  1  torr  of  NO  and  1  torr  of  N2.  The 
Laser  Line  Was  Tuned  to  Approximately  the  Peak  of  The  NO*^  v  »  2  to  v  »  3, 
R2  Absorption  Line. 
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3.  MEASUREMENT  OF  NO+  ABSORPTION  COEFFICTENT 


The  absorption  coefficient  for  the  Av  «  1  ribratlonal  transition  in  NO^(X 
ground  electronic  level  was  obtained  by  measozlng  the  time  varying  extinction 
described  above.  When  the  laser  wavel«igth  was  coincident  with  the  NO***  (v)  line, 
some  extinction  of  laser  radlatian  would  result  after  the  flash  lamps  were  fired  as 
seal  in  Figure  3.  This  time  varying  extinction  was  a  measure  of  both  the  absorptimi 
coefficient  and  the  number  densities  of  the  states  involved  in  the  transition.  Ihe 
populations  of  the  two  states  involved  in  the  transition  was  determined  from  the 
dissociative  recombination  rate  of  NO’*'  and  the  relative  populations  of  NO***  in  the 
various  vibrational  levels.  Rotational  equilibrium  was  assumed  dirou^iout  the 
experiment.  Vibrational  equilibrium,  on  the  other  hand,  was  assumed  slow  in  the 
time  scale  of  the  experiment. 

The  relative  conceotratlons  of  the  lower  and  upper  vibrational  states  in  the 
transition  were  determined  throng  fitting  the  measured  window  transmission  with 
a  predicted  spectrum  from  the  UV  lamps  and  previously  measured  spectral  data  on 
photoionlzation.^^  Since  MgF2  windows  were  used  in  front  of  the  UV  lamps,  the 
bandpass  throu^  which  photoionizatlon  could  occur  was  limited  from  1130  to  1337 A. 
Fortunately,  there  have  been  many  studies  in  the  direshold  region  of  the  NO 
photoionlzationl^*^^*^^^  From  the  measured  photoionizatlon  efficiency  in  this  region, 
the  measured  window  transmission,  and  assuming  a  lamp  output  of  a  30000°K  blacldsody 
continuum,  the  relative  photoionizatlon  was  arrived  at  as  a  function  of  wavelength  and 
plotted  in  Figure  4.  Also  plotted,  are  the  effects  of  UV  lamp  blackbody  temperature  of 
40000  and  20000‘^K.  The  vibrational  partition,  using  this  technique  and  the  vibrational 
partitions  measured  as  a  function  of  UV  wavelength  by  Tanaka,  et  al.l^^  gave  0.29, 

0.39,  0.22,  0.08,  and  0.02  for  the  relative  populations  of  the  v  «  0  through  v  >  4  levels, 
respectively. 


Tanaka,  K.  Honma,  I.  Loyano,  and  I,  Tanaka,  J.  Chem.  Phvs.  6^  3347  (1974). 

C.  Klllgoar,  Jr. ,  G.  E.  Leroi,  J.  Beikowitz,  and  W.  A.  Chupka, 

J.  Chem.  Phvs.  58^  803  (1973). 

Watanabe,  F.  M.  Matsunaga,  and  H.  Sakai,  Appl.  Opt.  6^  391  (1967). 


The  spectral  absorption  cross  section  for  a  molecule  is  given  by  Beer' s  law: 

-  -w-  (-ir)  •  <»> 

where  N  is  the  number  of  molecules  in  the  absoiblng  level,  i  is  the  total  path  length 
in  the  absoxbing  gas,  equal  in  this  case  to  the  number  of  passes  in  the  White  cell 
times  the  length  at  the  photoionized  region.  The  quantities  I  and  Iq  are  the  transmitted 
lig^t  intensities  with  and  without  absorption,  respectively. 

The  concentration  N  is  a  ftmction  of  the  photoionization  cross  section,  ttie 
recombination  rate  and  the  relative  number  of  molecules  in  the  particular  vibration- 
rotation  level.  Thus,  N  can  be  expressed  as: 

N  -  <#>jiN^(t)  ,  (2) 

where  is  the  rotation  partition  function  and  Ny(t)  is  the  number  density  in  vibration 
level  V.  In  this  experiment,  rotational  equilibziiun  was  assumed,  as  the  rotational 
relaxation  time  was  approximately  an  order  of  magnitude  faster  than  the  shortest 
experlmoital  time  of  interest.  Thus,  the  rotational  partition  function  is: 

-  (2J  +  1)  exp  [-  J(J  +  1)  (hcB)/kT]  ,  (3) 

vdiere  J  is  the  rotational  level  and  B  the  rotational  quantum  number.  The  number 
density  of  NO***  in  vibrational  level  v  is  given  by: 

dN 

—r  “  "“v^v^e  ‘  ^v^  • 

where  is  the  recombination  rate  of  NO^  in  vibrational  level  v,  Ny  the  concentra¬ 
tion  of  NO*  (v),  Ne  the  electron  concentration,  and  k  is  the  attachment  coefficient  of 
Ny  to  M.  The  Ixiitial  condition  to  Eq.  (4)  is : 

\  “  ‘^v^o  •  (5) 
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where  is  the  relative  productioa  rate  of  NO*^  in  vibrational  level  v  and  Nq  is  the 
total  number  density  of  NO'*'  produced.  By  (Renting  at  low  enouj^  NO  pressures  so 
that  the  sec(»d  term  on  the  xighHumd  side  of  Eq.  (4)  may  be  neglected,  and  assuming 
ay  is  independent  of  v,  the  concentration  of  NO^  in  the  vibrational  level  v,  and 
rotational  level  J,  Is: 


1  +  N,a^t 


Ihe  total  absoiption  by  NO'*'(v,  J),  from  Eq.  (1),  must  be  time  dependent,  such  that. 
In  (IqA)  must  vary  as  1/N.  During  the  eiqpetiment,  the  ratio  (Iq  -  1)Aq  was  at  all 
times  less  than  10~^.  Thus,  In  (Iq/I)  may  be  substituted  by  the  e^qpansion  giving: 


Note  the  choice  of  t  a  0  in  Eq.  (6)  can  be  rather  arbitrary,  provided  that  there 
is  no  producti(Hi  term  in  Eq.  (4).  Since  both  dl/lo  ^  must  have  the  same  time 
dependence,  the  concentration,  N,  at  any  time,  t^,  may  be  calculated  by  the  relation 


AI(t) 


Here,  it  may  be  seen  that  N(t^  is  not  a  function  of  the  total  extinctlmi  but  only  of  the 
rate  of  change  of  extinction  with  time.  Knowing  the  recombination  rate  coefficient 
and  the  time  varying  extinction  signal,  measured  as  the  ac  component  to  the  total 
laser  14^  transmitted  dirou^  the  optical  system,  thus  gives  a  number  density. 

It  is  assumed  here,  that  no  other  quenching  of  HO*(y)  is  occurring  simultaneously. 

The  tuning  range  of  the  laser  allowed  the  stu<iy  of  several  vibration  rotation  lines 
in  NO***.  These  lines  are  listed  in  Table  1.  While  there  were  laser  lines  to  study  all 
of  the  NO^  (V)  lines  listed,  measurements  of  the  integrated  absorption  coefficient 
were  made  only  of  the  P5  line  of  the  v  >  1  to  v  «  2  transition  and  the  R2  line  of  the 
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Vibrational  Transition 

Calcuiated 

Location 

Measured 

Location 

(cm"^) 

Cross  Section  . 
at  Peak 
(cm“^) 

V  »  0  to  1 

P12 

2294.1 

P13 

2289.7 

2289.76 

S  xl0’^®(±2x) 

P14 

228S.2 

PIS 

2280.7 

V  ■  1  to  V  »  2 

PS 

2291.6 

2291.63 

l.S  ±0.4x10"^® 

P6 

2287.4 

2287. 4S 

1.3  iO.SxlO"^® 

P7 

2283.3 

2283. 3S 

V  ■  2  to  V  «  3 

R1 

2282.8 

R2 

2286.7 

2286.72 

2.2  ±  0.3  X  10"^® 

R3 

2290.4 

R4 

2294.4 

V  ■  3  to  V  ■  4 

RIO 

2282.7 

Rll 

2286.1 

2286.30 

2  il.SxlO*^® 

R12 

2289. S 

V  ■  4  to  V  «  5 

R20 

2281.9 

R21 

2284.9 

R22 

2287.8 

V  a  2  to  V  a  3  txansitioti.  In  addition,  spectral  absorption  coefficients  were 
obtained  for  the  Bll  line  of  the  ▼  »  3  to  v  «  4  transition  and  the  P13  line  of  the  v  «  0 
to  V  a  1  transitioa.  Unfortunately,  due  to  the  low  signal-toHioise  of  these  latter  two 
measurements,  sufficient  data  was  not  available  to  obtain  a  meaningfiil  integrated 
absorpticn  coefficient  from  these  two  transitions.  Similarly,  fixe  P6  line  of  fixe 

V  a  1  to  V  a  2  traixsition  was  measured  using  a  rather  weak  laser  line,  which  was  near 
fixe  mode  shifting  threshold  of  the  laser.  Because  of  the  uncextalnty  introduced  by  fixe 
laser  shift,  the  integrated  absorption  coefficient  was  not  obtainable  using  this 
transition. 

The  locations  of  the  lines  of  interest  were  found  by  measuring  the  locations  of 
known  CO2  lines and  interpolating  across  the  tuning  range  to  obtain  the  precise 
location  of  fixe  NO'**.  In  this  way,  the  PS  Uixe  of  NOr**  (v  >  1  to  v  «  2)  was  found  to  be 
at  2291. 63  cm~^,  vdille  R2  line  of  the  v  «  2  to  v  «  3  traixsition  was  found  to  lie  at 
2236. 72  cm~^.  These  measuxmd  values  were  within  0. 1  cm~^  of  measurements  by 
Miescher^*^^  adxo  deduced  fixe  vibiratlanal  structxxre  from  electronic  transitions  of 
NO-**. 

The  concentration  of  NO^  was  calculated  using  a  least  squares  fit  of  fixe  data  to 
Eq.  (8)  assunxing  »  4. 3  x  10”'^  cm®  sec"^  (Te/300)'*^*  ^  The  relative 

population  of  the  lower  state  involved  in  the  absorption  transition  was  then  given  by 
Eq.  (6).  Using  this  technique,  the  spectral  absorption  coefficient  was  obtained  as  a 
fkinction  of  laser  current  from  Eq.  (1).  The  spectral  absorption  cross  section  for  the  PS 
line  of  the  v  *  1  to  v  «  2  and  the  R2  line  of  the  v  «  2  to  v  «  3  transitions  aire  shown  in 
Figures  S  and  6,  respectively.  The  laser  current,  plotted  on  the  abscissa  of  these  two 
figures,  was  fit  to  the  tuning  slope  shown  in  Figure  2  to  obuin  the  linewldth.  The  laser 
tuning  rate  was  7  cm**^  per  ampere,  giving  an  absorption  halfwldth  of  0. 0056  cm~^ 
approximately  fixe  Doppler  widfix  for  NO^  at  300OK.  The  Integrated  absorption  coef¬ 
ficient  was  thus  computed  using  a  30o'^K  Doppler  profile. 

Oberiy,  K.N.  Bao,  Y.H.  Hahn,  and  T.K.  McCubbln,  Jr.,  J.  Mol.  Soect.  25,1 
138  (1968). 

^^^E.  Miescher,  Helv.  Phvslca.  Acta  29.  135  (1956). 

Huang,  M.A.  Blondl,  and  R.  Johnsen,  Phys.  Rev.  All,  901  (1975). 
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Figure  6.  Spectral  Absorptioii  Cross  SMtion  of  The  R2  Line  In  The  v  >  2  to 
7  «  3  Band.  Tuning  Rate  Equals  7  cm'^/amp.  Line  Location  at  2286. 72  ± 
0. 01  cni“l. 


The  absorption  cross  section  was  obtained  by  assuming  that  the  relative  population 
in  the  V  >  1,  V  "  2,  and  v  a  3  levels  were  0. 39,  0. 22,  and  0. 08,  respectively.  The 
corresponding  integrated  absorption  coefBcients  become  5^2  **  236  ±  20  cm~2  atm~^ 
for  the  PS(1  •  2)  line  and  ”  325  ±  20  cm~^  atm"^,  for  the  R2(2-3)  Une.  Note 
that  these  absorption  coefficients  are  taken  with  hl^y  nonequUlbrated  vibrational 
temperatures.  If  we  convert  these  absorption  coefficients  to  their  respective  rates 
at  thermodynamic  equilibrium,  their  absorption  coefficients  become  S12  *  *^30  ±  50 
and  S23  *  653  ±  80  cm~^  atm~^,  respectively.  The  larger  error  in  the  equilibrium 
calculation  stems  from  the  uncertainty  in  the  relative  populations  of  the  v  *  1,  v  >  2, 
and  V  a  3  levels  of  the  photoioniaed  NO. 

Note  that  the  ratio  S23/S12  Is  approximately  3/2.  From  these  relative  values, 
it  nuqr  be  assumed  that  NO*^  is  a  harmonic  oscillator  with  a  linear  dipole  moment 
derivative,  in  vhich  case,  Sq^  may  be  extrapolated  to  give  a  value  of  at 
215  om“2  atm“l. 

These  integrated  absorption  coefficients  may  be  converted  into  vibrational 
f-aumbers  and  Einstein  A  coefficients.  The  respective  values  for  Einstein  A 
coefficients  of  the  v  «  1  and  v  «  2  levels,  together  with  the  extrapolated  v  *  0  level, 
are  listed  in  Table  2.  Also  listed  are  the  corresponding  values  obtained  by 
F.  Billingsley  from  an  MC  SCF  calculation. 


TABLE  2. 


atm”^) 

Ay^(sec 

-s 

^lu 

This  Work 

SCF^^^ 

v«  2  to  3 

653 

95.8 

2.7  X  10"® 

V  «  1  to  2 

430 

176 

63.4 

26.2 

1.8  X  10"® 

V  «  0  to  1 

215 

88.9 

31.5 

13.6 

9  X  10"® 

4.  MEASUREMENT  OF  THE  NO'*’  VIBRATIONAL  EXCHANGE  WITH  N2 


lie  txaxLsfer  rate  of  vibiration  from  the  v  »  1  and  v  »  2  levels  of  NO"*"  to  N2 
was  measured  by  observing  absorption  in  the  PS  and  R2  absorption  lines  of  these 
two  vibrational  levels,  respectively.  By  using  the  absorption  of  infrared  llg^  as 
a  monitor,  flie  relative  populations  of  flie  v«0,  v»l,  v«2,  and  v  »  3  levels  were 
monitored  as  a  function  of  N2  pressure.  Since  the  extinction  of  laser  li^t  is  directly 
proportional  to  the  population  of  the  absorbing  level,  the  time  varying  signal  is  a 
measure  of  vibrational  transfer  from  NO**".  The  disappearance  of  NO"*"  (v)  la  from 
the  following  processes: 


(Ri) 

NO'*'(v) 

+ 

e  —  N  +  0 

(R2) 

NO'''(v) 

+ 

NO 

+  NO  — 

NO'^  • 

NO  +  NO 

(R3) 

NO’*'(v) 

+ 

N 

2 

*  Nj- 

NO"^  • 

N2"N2 

(R4) 

NO'^Cv) 

+ 

NO 

NO+  ] 

fTO'^Cv 

-1) 

(R5) 

NO'''(v) 

+ 

^2 

—  NoV 

-1)  + 

N2^ 

a  «  4. 3  X  10“'^(Te/300)“<^*  37 
cm^  sec"^(^^) 

kj  “  5  X  10“3®  cm®  sec"^^®^ 

«  2  X  10"31  cm®  sec"^^®^ 

k,  *  Ihls  work 
4 

kg  a  This  work 


The  experimental  technique  for  measuring  the  rate  kg  was  to  introduce  N2 
into  the  absorption  cell  described  in  Section  2  at  increasing  pressures  until  the 
recombination  rate  uo  longer  dominates  the  disappearance  of  NO'*’  (v).  Since  the 
absorption  cross  section  of  NO***  is  constant  with  time,  the  amount  of  absorption  is 
proportional  to  the  number  density  of  NO'*'  in  the  lower  and  upper  states.  The 
decrease  in  NO'*’(v)  concentration  with  time  is  given  by  the  sum  of  Reactions  R1 
throu^  RS  mlnous  the  increase  in  NO'*’  (v)  concentration  due  to  Reaction  R4  and  RS 
on  the  (V  1)  vibrational  level.  Reaction  R3  becomes  important  when  N2  wldiin  the 
test  chamber  exceeds  30  torr  in  this  experiment.  Note  diat  in  order  to  measure  R4 
and  R5  for  v  «  1,  these  reactions  must  be  measured  for  v  «  2,  etc.  However,  since 
the  Initial,  concoxtratlon  of  NO'*'  in  v  «  4  and  above  is  ne^lgible  compared  to  v  a  1 
and  V  a  2,  the  quenching  rate  of  v  «  2  and  v  « 1  are  not  greatly  effected  by  their 


C.  Llneberger  andL.  J.  Puckett,  Phys.  Rev.  186.  116  (1969). 

^®^R.  Johnsen,  C.M.  Huang,  andM.A.  Blondl,  J.  Chem.  Phvs.  ^  3374  (1975). 
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quenching  rates.  Since  the  NO  pressure  was  held  constant  at  1  torr,  the  effect  of 
the  association  Reaction  R2  was  to  increase  the  apparent  rate  R4  by  the  rate 
1. 6  X  10“^^  cm^  sec“^. 

The  quenching  rate  of  NO'’'(v  >  2)  was  measured  by  observing  the  rate  of  extinc¬ 
tion  of  Hg^t  by  the  R2  rotational  Une.  The  overall  quenching  contribution  to  the 
disappearance  of  NO'^'C^  «  2)  is  plotted  in  Figure  7  as  a  function  of  N2  pressure.  The 
pressure  of  NO  in  the  system  was  kept  constant  at  1  torr.  This  quenching  of  v  is 
the  sum  of  the  contributions  of  k4  and  kg  on  v  minus  the  sum  of  k4  axid  kg  on 
(V  +  1).  Thus, 


vdiere  k^  and  kg,  are  the  quenching  rates  by  NO  and  N2,  respectively,  for  NO'**  in 
the  (V  +  1)  vibrational  level.  Note  that  the  ratio  of  [nO"^  (v  +  l)/NO'^  (v)]  is  not 
necessarily  constant  wldi  time. 


The  depletion  rate  of  NO^  ”  3)  was  measured  looking  at  the  B12  line.  However, 
due  to  the  very  low  signal  levels  involved,  only  a  very  roug^  rate  of 

kg  (V  »  3)  »  2±1.5  X  10~12  cm^  sec"^  (10) 

was  obtained.  Since  this  rate  was  comparable  to  the  measured  rate  for  v  *  2,  it  was 
assumed  that  the  ratio  of  InO*^  (v  «  3)/NO'''  (v  3  2)J  was  constant  throuj^out  the 
experiment. 

Substttatlng  the  value  for  k5(v  «  3)  into  Eq.  (8),  the  quenching  rate  of  v  «  2 
gives  an  N2  quenching  rate  of 

kg(v  «2)  »  2.4±0. 3x  10"^2  cm3  sec"^  .  (11) 
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Quenching 


Figure  7.  QupncMng  of  V  *  2  NO"**  ^^ration  by  N2  and  NO.  The  Pressure 
of  NO  Was  Held  to  1. 00  torr  at  All  Times. 
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A  rate  for  quenching  by  NO  can  also  be  inferred  from  these  measurements  by  solving 
the  simultaneous  equations  (Eq.  (9) )  for  di^erent  N2  concentrations  and  taking  the 
effect  of  R2  into  account; 

k^(v  =  2)  3. 5  ±  2  X  10“^3  cm^  sec”^  .  (12) 

Substituting  these  rates  into  Eq.  (9)  and  combining  with  quenching  data  taken  on 
the  PS  line  of  the  v  »  1  to  v  =  2  vibrational  transition,  a  rate  of  N2  removal  of 
NO'*'(v  =  1)  becomes: 

kg(v  =  1)  =  3. 0  ±  0. 5  X  10-12 

The  quenching  by  NO  becomes  much  harder  to  infer  because  of  the  scatter  of  the  data 
points  and  relatively  large  contribution  of  v  -  2  vibrational  quenching  to  Eq.  (9) 
which  may,  or  may  not,  go  into  v  =«  1.  This  rate  is: 

k^(v  =  1)  <  1.  5  X  10“12  ±  0.  5  pjjjS  ggg-l  ^ 

The  error  bars  presented  in  Figure  7  and  in  the  measured  rates  stemmed 
mainly  from  the  fitting  of  experimental  data  to  the  combination  of  effects  of  the 
exponential  decay  due  to  quenching  and  the  dissociative-recombination  decay  having 
a  1/t  dependence.  Because  of  this  combination,  depletion  of  NO'*'  (v)  by  NO  quenching 
was  not  observable  directly  and  is,  therefore,  good  only  to  within  an  order  of 
magnitude. 

A  measurement  of  vibrational  transfer  to  (v  »  0)  of  NO***  was  attempted  by 
monitoring  the  P13  line  of  (v  »  0)  to  (v  «  1).  The  Initial  vibrational  population  was 
inverted,  i.  e. ,  there  was  more  NO'*’(v  =  1)  flian  (v  »  0).  Thus,  negative  absorption 
was  monitored  during  the  lamp  pulse,  which  decayed  to  zero  very  quickly.  This 
indicated  eifiier  a  more  rapid  recombination  rate  in  the  (v  -  1)  level  than  in  (v  =>  0) 
or  quenching  of  (v  =  1)  by  NO  in  the  system.  Upon  introduction  of  Ng,  it  was  hoped 
that  absorption  would  be  seen  at  late  times,  when  NO'''(v  »  1)  had  been  quenched  to 
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below  the  NO'*’  (v  »  0)  concentration  but  before  dissociative-reconibination  could 
take  place.  This  effect  was  seen,  but  no  quantitative  information  was  available 
within  the  signal-to>noise  of  the  system. 
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5.  DISCUSSION 


Hie  radiatlye  lifetime  of  NO***  has  been  calculated  from  measurements  of  absorp¬ 
tion  in  the  y  >  1  and  v  *  2  levels.  Since  these  rates  are  a  function  of  the  relative 
concentratica  of  NO*^  in  the  lower  and  upper  states  of  the  absorption,  uncertainty  is 
Introduced  viien  relating  the  measured  values  to  an  absorption  coefficient  at  thermal 
equilibiium.  From  these  measurements,  vibrational  thermal  equilibrinm  would 
occur  only  if  the  majority  of  NO'*'  vibrational  excitation  was  quenched  by  N2  before 
recombination  could  take  place. 

The  ratio  of  the  absorption  coefficient  between  the  v  <■  2  to  v  >  3  and  the  v  ■  1  to  v  *  2 
transitions  appear  to  follow  the  rules  of  a  simple  diatomic  molecule  with  a  linear 
dipole  momatt  derivative  around  the  equilibrium  intermolecular  separation,  that  is, 

Siu  ~  (V  +  1)  Sq^  where  v  is  the  vibrational  level  of  the  lower  state.  Using  this 
scaling,  the  integrated  absorption  coefficient  of  the  v  «  0  vibrational  level  would  be 
21s  cm'^  atm~^  as  listed  in  Table  2.  This  value  is  not  too  different  from  the  value 
which  Billingsley^^^  would  obtain  using  a  slightly  different  dipole  moment  derivative  in 
place  of  his  multiconflgiuntion  SCF  calculated  result.  Using  a  single  configuration 
Hartree-Fock  calculation,  Billingsley  would  obtain  an  integrated  absorption  coefficient 
of  251  cm"2  atm“l  compared  to  his  published  88. 9  cm"^  sec“^.  This  value  would  be 
within  20%  of  our  measured  value.  Similarly,  our  number  differs  from  Michels' 
calculated  number  by  25%,  well  within  the  error  bars  of  either  our  measurement  or 
his  calculations. 

Our  value  for  the  integrated  absorption  coefficient  of  NO***  in  the  v  *  2  to  v  «■  3 
transition  is  not  in  disagreement  with  the  Stair  and  Gauvin^^^  observations,  as  their 
assumptions  of  thermodynamic  equilibrium  between  NO'*'  and  CO  in  order  to  arrive 
at  fiieir  Integrated  intensities,  allow  for  errors  as  large  as  a  factor  of  3.  Since  the 
NO***  produced  in  the  upper  atmosphere  is  by  no  means  in  thermal  equilibrium  and 
with  the  rapid  dissociative  recombination  of  NO***,  thermal  equilibrium  between  NO*** 
and  CO  would  indeed  be  fortuitous. 

The  errors  within  this  measurement  of  NO***  (v)  radiative  lifetime  stem  primarily 
from  determination  of  the  concentration  of  NO***  (v)  from  the  dissociative  recombination 
rate.  If  the  recombination  rate  is  hi^y  dependent  on  the  vibrational  level,  errors 


occur  not  only  from  the  determination  of  die  time  varying  lower  state  population  but 
also  the  time  varying  uig>er  state  population.  Urns,  an  error  in  the  recombination 
rate  of  NO'*'  of  ±  20%  could  change  the  integrated  absorption  coefficient  as  much  as 
i:  40%.  The  fractional  formation  of  NO***  in  the  lower  vibrational  levels  could  also 
vary  by  ±  20%  depending  on  the  transmission  of  the  MgF2  windows.  However,  the 
window  transmission  effects  mainly  the  v  »  3  and  hi^er  levels,  causing  as  much  as 
a  factor  of  3  difference  in  v  »  4  population.  The  relative  concentrations  of  v  ■  1  and 
V  »  2  levels,  on  the  other  hand,  are  not  greatly  affected  by  window  transmission. 

Other  sources  of  error  in  the  measurement  of  the  NO*'*  f-number  are  in  the 
uncertainty  within  the  extent  of  die  photoionization  region,  which  could  introduce  a 
±  5%  error  and  in  the  slight  detuning  of  the  diode  laser  during  lamp  discharge  which 
would  change  the  NO***  line  location  by  0. 005  cm~^.  These  sources  of  error  are 
much  less  important,  however,  than  the  uncertainty  in  the  number  density  of  NO'*'(v,  J). 
Finally,  the  NO  r,  8,  and  €  bands  excited  by  the  UV  flash  lamps  may  all  have 
vibration  rotation  lines  within  the  NO'*’  vibrational  frequency  range.  These  electronic 
bands  have  radiative  lifetimes  on  the  order  of  0. 4  /zs,  however,  so  their  absorption  of 
Infrared  radiation  quickly  disappears  after  the  flash  lamp  turns  off.  The  absorption  of 
laser  light  by  these  bands  during  the  lamp  flash  gave  what  at  first  i^eared  to  be  a 
very  long  spectral  tall  in  the  NO'*’  absorption,  vMch  could  have  been  prevented  by  using 
a  long  wavelength  cut  off  filter  in  front  of  each  flash  lamp.  As  it  turned  out,  because  of 
the  very  short  lifetime  of  these  states,  their  effect  was  to  provide  a  better  base  level 
from  vdiich  to  determine  lamp  shut-off. 

Because  1  torr  of  NO  was  used  to  produce  NO'*',  some  of  the  NO'*'(v)  was  quenched 
by  NO.  Ihus,  the  instantaneous  number  density  presented  in  Eq.  (6)  must  be 
modified  to  account  for  this  effect.  Using  the  rates  obtained  in  the  previous  section, 
this  effect  would  be  to  increase  the  absorpticm  coefficient  by  as  much  as  10%.  Because 
of  the  large  uncertainty  in  this  cross  section,  however,  this  correction  was  not 
included  within  the  analysis.  While  some  latitude  was  present  in  varying  Ihe  NO  con¬ 
centration  within  the  abaorption  cell,  a  variation  of  a  factor  of  2  in  NO  pressure  would 
make  it  black  to  UV  radiation.  Thus,  the  effects  of  NO  quenching  of  NO'*'(v)  could 
not  be  investigated  directly  using  this  technique. 


The  measiirement  of  NO***  (v)  transfer  to  N2  ^vas  somewhat  more  accurate  than 
that  of  NO'**  vibrational  lifetime,  since  the  absolute  number  density  of  NO***  (v)  was 
not  necessary  for  this  determination.  While  the  integrated  absorption  of  eactted 
NO''‘(y)  scaled  approximately  at  ( •f  l),  no  such  simple  scaling  was  available  on 
NO''‘(y)  transfer  to  N2.  This  transfer  rate  was  seen  to  decrease  slij^y  lor  hi^er 
vibrational  levels  of  NO'*',  rather  than  increasing.  If  this  trend  holds  lor  vibrational 
levels  higher  than  3,  it  would  be  expected  that  NO***  formed  in  the  high  vibrational 
levels  would  contribute  most  of  the  radiation  in  the  upper  atmosphere.  Since  only 
transfer  from  v  *  1  and  v  «  2  levels  were  measured  in  detail,  however,  this  is  a 
premature  conclusion. 

While  no  previous  measurements  have  been  made  on  NO'*'(v)  quenching  by  No* 

njf\ 

various  estimates  have  been  made  based  on  the  observations  of  auroral  activity.'  ’ 
From  the  lack  of  detection  of  NO'^(v)  in  the  upper  atmosphere,  estimates  of  quenching 
rates  as  high  10"**  cm~^sec“^ha^  be^pre^s^^  Due  to  the  ex^mely^^d. 
overlap  of  NO'*'  with  C02>  however,  the  lack  of  any  detectable  NO***  may  be  dne  to 
the  fkct  that  the  signal  is  buried  wltiiin  the  very  large  CO2  signature.  It  is 
interesting  to  note  that  quenching  of  NO*^  by  N2  is  on  the  order  of  10  times  more 
efficient  than  the  transfer  of  C03(  V3)  to  N2.  This  could  easily  be  accounted  for  by 
the  ionic  nature  of  NO^  as  well  as  its  dipole  moment.  This  quenching  rate,  together 
with  the  factor  of  10  lower  fNO  ]  than  [CO»] ,  even  during  an  IBC  Class  n  aurora;  ’ 
could  result  in  an  NO  emission  10  weaker  than  C02(  v^)  in  an  auroral  event. 


H.  Archer,  Private  Communication. 

Narcisi,  C.  Sherman,  L.E.  Woldyha,  andJ.  C.  Ulwlck.  J.  Geophys.  Rea.  79, 
2843  (1974). 
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In  conclusion,  both  the  NO***  (v)  radiative  lifetime  and  the  transfer  of  vibration 
to  N2  have  been  measured  in  this  e3q>eziment.  While  both  these  measurements  were 
the  first  to  be  performed  on  the  NO*''  ion,  th^  agree  at  least  qualitatively  to  values 
inferred  from  iq>per  atmospheric  studies.  In  order  to  obtain  a  better  picture  of  the 
NO***  emission  during  electron  disturbances  in  the  upper  atmosphere,  both  the  degree 
of  vibrational  eoccitatlon  during  NO’*'  formation  and  the  transfer  of  vibration 
to  O  and  O2  must  also  be  measured. 
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OICY  Attn  A  Kaufman  L-96  (Class  L-94) 

OICY  Attn  D  J  Wuebbles  L  442 
OICY  Attn  J  F  Tinney  L-517 
OICY  Attn  Jultus  Chang  L-71 
OICY  Attn  Tech  Info  Dept  L -3 
OICY  Attn  W  H  Duewer  Gen  L-404 

Los  Alamos  Scientttic  Laboratory 

P.  O.  Box  1663 

Los  Alamos,  NM  87545 

OICY  Attn  DOC  CON  for  Groud  CMB-I 
OICY  Attn  DOC  CON  for  C  R  Mehl  Org  5230 
OICY  Attn  DOC  CON  for  David  W  Steinhaus 
OICY  Attn  DOC  CON  for  H  V  Argo 
OICY  Attn  DOC  CON  for  T  Bieniewski  CMB4 
OICY  Attn  DOC  CON  for  J  Judd 
OICY  Attn  DOC  CON  for  Martin  Tierney  J40 
OICY  Attn  D  M  Rohrer  MS  518 
OICY  Attn  Doc  CON  for  John  S  Malik 
OICY  Attn  DON  CON  for  Marge  Johnson 
OICY  Attn  DOC  CON  for  S  Rockwood 
OICY  Attn  DOC  CON  for  R  A  Jeffries 
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OICY  Attn  DOC  CON  for  Robert  Brownlee 
OICY  Attn  DOC  CON  for  William  Maier 
OICY  Attn  DOC  CON  for  W  D  Barfield 
OICY  Attn  DOC  CONTROL  for  Donald  Kerr 
OICY  Attn  DOC  CON  for  W  M  Hughes  MS  559 
OICY  Attn  Reference  Library  Ann  Beyer 
OICY  Attn  DOC  COn  for  John  Zinn 
OICY  Attn  DOC  CON  for  F  W  Hones  Jr. 

OICY  Attn  DOC  CON  for  E  A  Bryant  (No  Dasiat 

Sandia  Laboratories 
Livermore  Laboratory 
P.  O,  Box  969 
Livermore,  CA  94550 

OICY  Attn  DOC  CON  for  Thomas  R  Cook  Org 

800 

Sandia  Laboratories 
P.  O.  Box  5800 
Albuquerque,  NM  87115 

OICY  Attn  DOC  CON  for  Craig  Hudson 
OICY  Attn  DOC  CON  for  3141  Sandia  RPT  COLI 
OICY  Attn  DOC  CON  for  Morgan  L  Kramm  Org 

5700 

OICY  Attn  DOC  CON  for  D  A  Dahlgren  Org  1722 
OICY  Attn  DOC  CON  for  LE  Anderson  Org  1247 
OICY  Attn  DOC  CON  for  Charles  Williams 
OICY  Attn  DOC  CON  for  J  C  Eckhardt  Org  1250 
OICY  Attn  DOC  CON  for  C  W  Gwyn  Org  2114 
OICY  Attn  DOC  CON  for  Org  9220 
OICY  Attn  DOC  CON  for  W  D  Brown  Org  1353 
OICY  Attn  DOC  CON  for  T  Wright 
OICY  Attn  Document  Control  Division 
OICY  Attn  DON  CON  for  Frank  P  Hudson  Org 

1722 

US  Energy  Rsch  &  Dev  Admin 
Division  of  Headquarters  Services 
Library  Branch  G-043 
Washington,  DC  20545 

OICY  Attn  DOC  CONTROL  for  D  Kohlstad  - 
OICY  Attn  DOC  CON  for  Joseph  D  Lafleur 
OICY  Attn  DOC  CON  for  Class  Tech  Lib 
OICY  Attn  DOC  CON  for  George  L  Rogosa  . 
OICY  Attn  DOC  CON  for  RPTS  Section 
OICY  Attn  DOC  CON  for  Richard  J  Kandel 
OICY  Attn  DOC  Control  For  H  H  Kurzweg 
OICY  Attn  DOC  CONTROL  for  John  Mock 


(Other  Government  Agencies  Cont.) 


Albany  Metallurgy  Research  Center 
U.S.  Bureau  of  Mines 
P.  O.  Box  70 
Albany,  OR  97321 

OICY  Attn  Eleanor  Abshire 

Central  Intelligence  Agency 
Attn:  RD/ST  RM  5G48  HQ  Bldg 
Washington,  DC  20505 

OICY  Attn  NED/OSI  -  6G48  HQS 
OICY  Attn  NED/OSI  -  2G48  HQS 


Department  of  Transportation 
Transportation  Rsch  System  Center 
Kendall  Square 
Cambridge,  Ma  02142 
OICY  Attn  F  Marmo 

Departme  nt  of  Transportation 
Office  of  the  Secretary 
TAD-44.1,  Room  10402-B 
400  7th  Street  S.  W. 


Department  of  Commerce 
National  Bureau  of  Standards 
Washington,  D  C  20234 

(all  corres:  attn  sec  officer  for) 
OICY  Attn  George  A  Sinnatt 
OICY  Attn  B  Stiener 
OICY  Attn  D  R  Lide 
OICY  Attn  D  Garvin 
OICY  Attn  Lewis  H  Gevantman 
OICY  Attn  J  Cooper 
OICY  Attn  J  T  Herron 
OICY  Attn  J  McKinley 
OICY  Attn  K  Kessler 
OICY  AttnMKrauss 
OICY  Attn  M  Scheer 
OICY  Attn  R  F  Hampson  Jr. 

OICY  Attn  R  Taylor 
OICY  Attn  Jamess  Devoe 

Department  of  Commerce 
Office  of  Telecommunications 
Institute  for  Telecom  Science 
Roulder,  CO  80302 


Washington,  D  C  20590 
OICY  Attn  R  Underwood 
OICY  Attn  Richard  L  Stromboine  TST-8 
OICY  Attn  Samuel  C  Coroniti 
OICY  Attn  Document  Control 

NASA 

GODDARD  SPACE  FLIGHT  CENTER 

Greenbelt,  MD  20771 

OICY  Attn  A  C  Aiken 

OICY  Attn  G  Newton  CODE  621 

OICY  Attn  S  J  Bauer 

OICY  Attn  James  I  Vette 

OICY  Attn  Gilbert  D  Mead  CODE  641 

OICY  AttnJSiry 

OICY  Attn  J  P  Hepner 

OICY  Attn  Technical  Library 

OICY  Attn  R  F  Benson 

OICY  Attn  H  A  Taylor 

OICY  Attn  M  Sugiura 

OICY  Attn  G  Levin 

OICY  Attn  A  Tempkin 


OICY  Attn  William  F  Utlaut  NASA 


Department  of  the  Interior 
U.S.  Geological  Survey 
Special  Projects  Center 
Bldg  25,  Federal  Center 
Denver,  CO  80225 

OICY  Attn  Joseph  C  Cain 

Department  of  the  Interior 
U.S.  Geological  Survey 
Washington,  DC  20242 

OICY  Attn  Robert  W  Regan 


George  C .  Marshall  Space  Flight  Center 
Huntsville,  AL  35812 
OICY  Attn  C  R  Balcher 
OICY  Attn  N  H  Stone 
OICY  Attn  W  A  Oran 
OICY  Attn  CODE  ES22  John  Watts 
OICY  Attn  W  T  Roverts 
OICY  Attn  R  D  Hudson 
OICY  Attn  R  Chappell 
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NASA 

600  Independence  Avenue  S  W 
Washington,  DC  20546 
OICY  Attn  E  R  Schmerling 
OICY  Attn  CODE  ST  W  L  Taylor 
OICY  Attn  J  Morrison 
OICY  Attn  G  Sharp 
OICY  Attn  A  Schardt 
OICY  Attn  M  Tepper 
OICY  Attn  D  P  Cauffman 
OICY  Attn  N  Roman 
OICY  Attn  H  H  Kurzweg 
OICY  Attn  R  A  Schiffer 
OICY  Attn  LTC  D  R  Hallenbeck  CODE  SG 
OICY  AttnJNaugle 
OICY  Attn  J  Findlay 
OICY  Attn  CODE  ST  D  R  William 
OICY  Attn  Morris  Tepper 
OICY  Attn  P.  Eaton 
OICY  Attn  R.  Fellows 
OICY  Attn  A  Gessow 

NASA 

Langley  Research  Center 
Langley  Station 
Hampton,  VA  23365 

OICY  Attn  Charles  Schexnayder  MS"168 

NASA 

Johnson  Space  Center 
Houston,  TX  77058 

OICY  Attn  Owen  Garriot 

OICY  Attn  Classified  Lib  CODE  RM6 

NASA 

A'mes  Research  Center 
Moffett  Field,  CA  94035 
OICY  Attn  C  P  Sonett 
OICY  Attn  N-254-4  Walter  L  Starr 
OICY  Attn  M-254-4  R  Whitten  Unci  only 
OICY  Attn  N-245-4  Ilia  G  Poppoff 
OICY  Attn  N -245-3  Palmer  Dyal 
OICY  Attn  N-254-3  Neil  H  Farlow 

NASA  Scientific  &  Technical  Info  Fac 
P.  O.  Box  8757 

Baltimore/Washington  Inti  Airport 
MD  21240 

OICY  Attn  Sar/DLA-385 
OICY  Attn  ACQ  Branch 


National  Bureau  of  Standards 
325  Broadway 
Boulder,  CO  80302 

(class,  for  Jila:  Name  on  inner  env.  only) 
OICY  Attn  W  Carl  Lineberger  Jila 
OICY  Attn  G  Reid(uncl  only) 

OICY  Attn  J  Whealton 
02CY  Attn  A  V  Phelps  Jfla 
OICY  Attn  Gordon  H  Dunn  Jila 
OICY  Attn  Peter  L  Bender  Jila 
OICY  Attn  Stephen  J  Smith  Jila 

National  Oceanic  &  Atmospheric  Admin 
National  Weather  Service 
Department  of  Commerce 
Silver  Spring,  MD  20910 
OICY  Attn  J  K  Angell 
OICY  Attn  L  Machia 

National  Oceanic  &  Atmospheric  Admin 
National  Ocean  Survey 
Department  of  Commerce 
Washington  Science  Center 
Rockville,  MD  20852 

OICY  Attn  Edward  S  Epstein 
OICY  Attn  Gerald  A  Peterson 
OICY  Attn  Wayne  McGovern 
OICY  Attn  John  W  Townsend  Jr. 

National  Oceanic  &  Atmospheric  Admin 
Environmental  Research  Laboratories 
Department  of  Commerce 
Boulder,  CO  80302 

OICY  Attn  C  Gordon  Little 
OICY  Attn  Douglas  D  Crombie 
OICY  Attn  Fred  Fehsenfeld 
OICY  Attn  A  H  Shapley 
OICY  Attn  R43  Donald  J  Williams 
OICY  Attn  Joseph  H  Pope 
OICY  Attn  Walther  N  Spjeldvlk 
OICY  Attn  R43  Herbert  H  Sauer 
OICY  Attn  J  W  Pope 
OICY  Attn  Eldon  Ferguson 
OICY  Attn  DK  Bailey 
OICY  Attn  RXl  Robert  W  Knecht 
OICY  Attn  Robert  B  Doeker 

National  Science  Foundation 
1800  G  Street  N.  W. 

Washington,  DC  20556 

(No  classified  to  this  address) 
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(Other  Government  Agencies  cont.) 


OICY  Attn  W  H  Cramer 

OICY 

Attn  F  Keller 

OICY  Attn  Rolf  Sinclair 

OICY 

Attn  Thomas  D  Taylor 

OICY  Attn  WD  Adams 

OICY 

Attn  J  Stevens 

OICY  Attn  R  Manka 

OICY 

Attn  Harris  Mayer 

OICY  Attn  A  Grobecker 

OICY 

Attn  G  Millbum 

OICY  Attn  MK  Wilson 

OICY 

Attn  George  Paiilikas 

OICY  Attn  E  P  Todd 

OICY 

Attn  J  Sorrels 

OICY  Attn  R  Heer 

OICY 

Attn  Irving  M  Garfunkel 

OICY  Attn  R  S  Zapolsky 

OICY 

Attn  J  B  Blake 

OICY  Attn  R .  LaConte 

OICY 

OICY 

Attn  Sidney  W  Kash 

Attn  L  W  Aukerman 

Research  Director 

OICY 

Attn  Julian  Reinheimer 

Pittsburgh  Mir.'ng  and  Safety  Rsch  Ctr 

OICY 

Attn  J  Woodford 

Bureau  of  Mines 

OICY 

Attn  R  B  Cohen 

4800  Forbes  Avenue 

OICY 

Attn  N  Cohen 

Pittsburgh,  PA  15213 

OICY 

Attn  M  Berg 

OICY  Attn  Robert  W  Van  Dolah 

OICY  Attn  Francis  E  Spencer  Jr. 

OICY 

Attn  T  Widhoph 

US  Arms  Control  &  Disarmament  Agcy 
320  2lst  Street  N.  W. 

Washington,  D  C  20451 
OICY  Attn  Reference  Info  Center 
OICY  Attn  Office  Of  Diredtor 

US  Department  of  Transportation 
21  2nd  Street  S  E 
Washington,  DC.  20590 

OICY  Attn  S.  Coruniti,  Deputy  Mgr. 
Climatic  Impact 
Assessmant  (TST  2.1) 

Aerospace  Corporation 
P.  O.  Box  92957 
Los  Angeles,  CA  09990 
OICY  Attn  S  P  Bower 
OICY  Attn  R  Grove 
OICY  Attn  Library 
OICY  Attn  R  G  Pruett 
OICY  Attn  Mr.  Goldsmith 
OICY  Attn  R  D  Rawcliffe 
OICY  Attn  R  J  McNeal 
OICY  Attn  V  Josephson 
OICY  Attn  R  Mortensen 
OICY  Attn  M  E  Whitson 
OICY  Attn  T  Friedman 
OICY  Attn  G  R  Cook 
OICY  Attn  D  C  Peeks 
OICY  Attn  V  Wall 
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DEPARTMENT  OF  DEFENSE  CONTRACTORS 

Aero-Chem  Research  Laboratories,  Inc. 

P.  O.  Box  12 
Princeton,  N.  J.  08540 
OICY  AttnAFontiJn 

Aerodyne  Research,  Inc. 

Bedfo^  Research  Park 
Crosby  Drive 
Bedford,  MA  01730 
OICY  Attn  M  Camac 
OICY  Attn  F  Bien 

Aerojet  Electro-Systems  Co  Div 
Div  of  Aerojet-General  Corporation 
P.  O.  Box  296,  1100  W  Hollyvale  Drive 
Azusa,  Ca  91702 

OICY  Attn  Dawn  Stuart 

Aeronomy  Corporation 
217  S  Neil  Street 
Champaign,  TL  61820 

OICY  Attn  Sidney  Bowhlll  _ 

American  Nucleonics  Corporation 
6036  Variel  Avenue 
Woodland  Hills,  CA  91364 

OICY  Attn  Sec  Officer  for  G  L  Brown 

American  Science  and  Engineering  Inc 
955  Massachusetts  Ave. 

Cambridge,  MA  02139 

OICY  Attn  Document  Control 

Avco-Everett  Research  Laboratory  Inc 
2385  Revere  Beach  Parkway 
Everett,  MA  02149 
OICY  Attn  C  W  Von  Rosenberg  Jr. 

OICY  Attn  Technical  Library 

Battelle  Memorial  Institute 
505  King  Avenue 
Columbus,  OH  43201 

OICY  Attn  Donald  J  Hamman 
OICY  Attn  Radiation  EFF  Info  Ctr 
OICY  Attn  Richard  K  Thatcher 


Bell  Laboratories 
6200  E  Broad  Street 
Columbus,  CH 43213 

OICY  Attn  G  F  Mohnstreiter 

Boeing  Company,  The 
P.  O.  Box  3707 
Seattle,  WA  98124 

OICY  Attn  Glen  Keister 

The  Trustees  of 
Boston  College 
Chestnut  Hill  Campus 
Chestnut  Hill,  MA  02167 

OICY  Attn  Library  Unci  Only 
02CY  Attn  Chairman  Dept  of  Chem 
OICY  Attn  R  Heg^lom,  Newton  Campus 
OICY  Attn  R  L  Carovillad 
OICY  Attn  R  Father 

Bowhill  Professor  Sidney  A 
155  Electrical  Engineering  Bldg. 

Urbana,  TL  61801 
OICY  Attn  Document  Control 

Dept  of  Chemistry 
Brooklyn  College 

University  of  the  City  of  New  York 
Ave  H  and  Bedford  Ave. 

Brooklyn,  New  York 
OICY  Attn  Technical  Library 

Brown  Engineering  Company,  Inc, 
Cummings  Research  Park 
Huntsville,  AL35807 
OICY  Attn  N  Passino 
OICY  Attn  Romeo  A.  Deliberis 
OICY  AttnJDobkins 
OICY  Attn  J  E  Cato 
OICY  Attn  Ronald  Patrick 

California  at  Los  Angeles,  Univ  of 
Office  of  Contract  &  Grant  Admin 
405  Hilgard  Avenue 
Los  Angeles,  CA  90024 

OICY  Attn  T  A  Farley  Space  Sci  Lab 
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California  at  Riverside,  Univ  of 
Riverside,  CA  92502 
OICY  Attn  Alan  C  Lloyd 
OICY  Attn  James  N  Pitts  Jr. 

California  at  San  Diego,  Univ  of 


California,  State  of 
Air  Resources  Board 
952S  Telstar  Avenue 
El  Monte,  CA  91731 
OICY  Attn  Leo  Zafonte 


3175  Miramar  Road 
La  Jolla,  CA  92037 

OICY  Attn  C  E  McRwain  Physics  Dept 
OICY  Attn  S  C  Lin 

California  at  San  Diego,  Univ  of 
Bldg  B-OlO 

Dept  of  Applied  Mech  &  Engrg  Sciences 
La  Jolla.  CA  92093 

OICY  Attn  David  R  MRler 

California  at  Santa  Barbara,  Univ  of  Santa  Barbara 
Physics  Department 
Santa  Barbara,  CA  93106 
OICY  Attn  M  Steinberg 


California,  University  of 
Space  SciencAs  Laboratory 
Berkeley,  CA  94720 
OICY  Attn  Bodo  Parady 
OICY  Attn  C  I  Meng 

Calspan  Corporation 
P.  O.  Box  235 
Buffalo,  NY  14221 

OICY  Attn  W  Wurster 
OICY  Attn  C  E  Treanor 
OICY  Attn  G  C  Valley 
OICY  Attn  Technical  Library 
.  OICY  Attn  MG  Dunn 


California  Institute  of  Technology 
1201  E.  California  Blvd. 
Pasadena,  CA  91109 
OICY  AttnVAnieich 
OICY  Attn  J  Laudenslager 
OICY  Attn  A  D  Williamson 

California  Institute  of  Technology 
Jet  Propulsion  Laboratory 
4800  Oak  Grove  Drive 
Pasadena,  CA  91103 

OICY  Attn  Joseph  Ajello 
OICY  Attn  S  Trajmar 


Chem  Data  Research 
2800  Williams  Way 
Santa  Barbara,  CA  93105 
OICY  Attn  Keith  Schofield 

Colorado,  University  of 
Office  of  Contracts  and  Grants 
380  Administrative  Annex 
Boulder,  CO  80302 
OICY  Attn  Charles  A  Barth  LASP 
OICY  Attn  C  Lineberger  Jila 
OICY  Attn  A  Phelps  Jila 
01  CY  Attn  C  Beaty  Jila 
OICY  Attn  Jeffrey  B  Pearce  LASP 


Califbmia  University  of 
Berkeley  Campus  Room  318 
Sproul  Hall 
Berkeley,  CA  94720 
(class  mail  to:  Attn  sec  officer  for) 
OICY  Attn  F  Mozer 
OICY  Attn  Harold  Johnston 
OICY  Attn  Dept  of  Chem  W  H  Miller 
OICY  Attn  Kinsey  A  Anderson 
OICY  Attn  Michael  Lampton 


Columbia  University,  The  Trustees 
In  the  City  of  New  York 
La  Mont  Doherty  Geological 
Obsen-atory  -  Torrey  Cliff 
Palisades,  NY  19064 
OICY  Attn  B  Phelan 
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Columbia  University,  The  Trustees  of 
City  of  New  York 
U6th  Street  &  Broadway 
Now  York,  N.  Y.  10027 

OICY  Attn  Sec  Officer  H  M  Foley 
OICY  Attn  Richard  N  Zare 

Comeat  Laboratories 
Linthicum  Road 
Clarksburg,  MD  20734 

OICY  Attn  Document  Control 

Denver,  University  of 
Colorado  Seminary 
Denver  Research  Institute 
P.  O.  Box  10127 
Denver,  CO  80210 

(only  I  copy  of  class  RPTS) 

OICY  Attn  Sec  Officer  for  Mr  Van  Zyl 
OICY  Attn  Sec  Officer  for  David  Murcray 

E.  I.  Dupont  De  Nemours  and  Company 
Savannah  River  Laboratory 
Document  Transfer  Station  703 -A 
Aiken.  SC  29801 

OICY  Attn  R  B  Ward 
OICY  Attn  K  A  Saum 
OICY  Attn  R  G  Hirsch 

Ecometrics,  Inc 
718  Willow  Glen  Road 
Santa  Barbara,  CA  93105 
OICY  Attn  Nyle  G  Utterback 

Epsilon  Laboratories,  Inc. 

4  Preston  Court 
Bedford,  MA  01730 

OICY  Attn  Carl  Accardo 
OICY  Attn  Henry  Miranda 
OIC  Y  Attn  John  Dulchines 

ESL,  Inc 

495  Java  Drive 

Sunnyvale,  CA  94086 

OICY  Attn  James  Marshall 
OICY  Attn  W  R  Bell 


Extranuclear  Laboratories,  Inc 
P.  O.  Box  11512 
Pittsburgh,  PA  15238 
OICY  Attn  Wade  Fite 

Florida,  Universtiy  of 
An  Institution  of  Education 
Attn:  Patricia  B  Rambo 
P.  O.  Box  284 
Gainesville,  FL32601 

OICY  Attn  W  B  Person  Chem  Dept 
OICY  Attn  R  Isler  Physics  Dept 
OICY  Attn  R  C  Anderson 
OICY  Attn  O  R  Keffer 

General  Dynamics  Corp. 

Convair  Division 
P.  O.  Box  80847 
San  Diego,  CA  92138 

OICY  Attn  Library  128-00 

General  Electric  Company 
Space  Division 
Valley  Forge  Space  Center 
Goddard  Blvd  King  of  Prussia 
P.  O.  Box  8555 
Philadelphia,  PA  19101 

OICY  Attn  Tech  info  Center 

OICY  Attn  P  Zavitsanos 

OICY  Attn  T  Baurer 

OICY  Attn  M  H  Bortner  Space  Sci  Lab 

OICY  Attn  J  Bums 

OICY  Attn  Joseph  C  Peden  CCF  8301 

OICY  Attn  Robert  H  Edsall 

OICY  AttnFAlyea 

General  Electric  Company 
Tempo-Center  for  Advanced  Studies 
816  State  Street  (P.  O.  Drawer  QQ) 

Santa  Barbara,  CA  93102 
OICY  Attn  Tom  Barrett 
OICY  Attn  Mike  Dudash 
OICY  AttnBGambill 
OICY  Attn  Mack  Stanton 
OICY  Attn  L  Ewing 
05CY  Attn  Dasiac  D.  Reitz 
OICY  Attn  Tim  Stephens 
OICY  Attn  Don  Chandler 
OICY  Attn  James  H  Thompson 
OICY  AttnJ  Schoutens 
OICY  Attn  Warren  S  Knapp 
OICY  Attn  M  Alferieff 
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General  Electric  Company-Tempo 
Attn:  DASUC 

4  C/O  Defense  Nuclear  Agency 
Washington,  DC  20305 

OICY  Attn  William  Alfonte 

a 

General  Motors  Corporation 
Delco  Electronics  Division 
Santa  Barbara  Operations 
6767  Hollister  Avenue 
Goleta,  CA  93017 

OICY  Attn  Robin  I  Primich 

General  Research  Corporation 
P.  O.  Box  3587 
Santa  Barbara,  CA  93105 
OICY  Attn  John  Ise  Jr 
OICY  Attn  HH  Lewis 

General  Research  Corporation 

Washington  Operations 

Westgate  Research  Park 

7655  Old  Springhouse  Road,  Suite  700 

McLean,  VA  22101 

OICY  Attn  Thomas  M  Zakrzeweki 

General  Telephone  Company  of  Florida 
Security  Dept  -  P.  O.  Box  1221 
Tampa,  FL33601 
OICY  Attn  MDunn 

Geophysical  Institute 
University  of  Alaska 
Fairbanks,  AK  99701 

(all  class  attn:  security  officer) 

OICY  Attn  A  Belon 

OICY  Attn  S  I  Akasofu 

OICY  Attn  Henry  Cole 

OICY  Attn  R  Parthasarathy 

OICY  Attn  Neal  Brown  (Unci  only) 

OICY  Attn  T  N  Davis  (Unci  only) 

OICY  Attn  Technical  Library 

OICY  Attn  D  J  Henderson 

OICY  Attn  RJ  Watkins 

OICY  Attn  J  S  Wagner  Physics  Dept 


Go\t  Fiscal  Relations  &  Patent  Off 
275  Admin  Building  AG-70 
University  of  Washington 
Seattle  WA  98195 

OICY  Attn  Kenneth  C  Clark 
OICY  Attn  R  Geballe 

Harvard  University 

Department  of  Atmospheric  Sciences 

Pierce  Hall 

Cambridge,  MA  02138 

OICY  Attn  Michael  B  McElroy 

High  Voltage  Engineering  Corporation 
South  Bedford  Street 
Burlington,  MA  01803 

OICY  Attn  Document  Control 

•* 

Hone3rwell  Incorporated 
Avionics  Division 
13350  U.S.  Highway  19  North 
St.  Petersburg,  FL  33733 
OICY  Attn  Technical  Library 

Honej'well  Incorporated 
RadiaMon  Center 
2  Forbes  Road 
Lexington,  Ma  02173 
OICY  Attn  W  Williamson 

Howard  University 
Department  of  Chemistry 
Washington,  DC  20059 

OICY  .\ttn  William  Jackson 

HSS,  Inc. 

2  Alfred  Circle 
Bedford,  MA  01730 
OICY  Atta.  H  Stewart 
OICY  Attn  Donald  Hansen 
OICY  Attn  M  P  Shuler 

Hughes  Aircraft  Company 
Centinela  and  Teale 
Culver  Citj',  CA  90230 
OICY  .Attn  Tech  Lib 
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IBM  Corporation  Inti  Business  Machines  Corp 

Route  17C  Data  Processing  Division 

Owego,  NY  13827  Atlantic  Region  5 

OICY  Attn  Technical  RPTS  Ctr  (912  A816)  1801  K  Street  N.  W. 


ITT  Research  Institute 
10  West  3Sth  Street 
Chicago,  XL  60616 

OICY  Attn  Technical  Library 
OICY  Attn  R  B  Cohen 

Rlinois  Institute  of  Technology 
3300  South  Federal  Street 
Chicago,  XL  60611 

OICY  Attn  Technical  Library 

Rlinois,  University  of 
Aeronomy  Laboratory 
Urbana  Campus 
Urbana,  IL  61801 

OICY  Attn  J  Schroeder  Chem  Dept 

Rlinois,  University  of 
Physics  Department 
Chicago  Circle 
P.  O.  Box  4348 
Chicago,  IL  60680 

OICY  Attn  Wnilam  J  Ottlng 

Information  Science,  Inc. 

123  West  Padre  Street 
Santa  Barbara,  CA  93105 
OICY  Attn  Walter  F  Dudziak 


Washington,  DC  20006 
OICY  Attn  D  C  Sullivan 

ION  Physics  Corporation 
South  Bedford  Street 
B  urlington,  MA  01803 

OICY  Attn  Charles  R  Hauer 

IRT  Corporation 
P.  O.  Box  81087 
San  Diego,  CA  92138 

OICY  Attn  J  A  Rutherford 
OICY  Attn  R  H  Neynaber 
OICY  Attn  R  F  Overmyer  GRT 
OICY  Attn  R  L  Mertz 
OICY  Attn  F  W  Simpson 
OICY  Attn  Evan  Miller 
OICY  Attn  DAVroom 

”  Jaycor 

1401  Camino  Del  Mar 
Del  Mar,  CA  92014 
OICY  Attn  HB  Levine 

Johns  Hopkins  University 
Applied  Physics  Laboratory 
Johns  Hopkins  Road 
Laurel  MD  20810 

OICY  Attn  Document  Librarian 


% 


Institute  for  Defense  Analyses  Johns  Hopkins  University 

400  Army*^avy  Drive  34th  &  Charles  Streets 

Arlington,  VA  22202  Baltimore,  MD21218 

OICY  Attn  J  M  Aein  OICY  Attn  Joyce  J  Kaufman 

OICY  Attn  Hans  Wol  fhard 

OICY  Attn  Joel  Bengston  Kaman  Sciences  Corporation 

OICY  Attn  Philip  A  Selwyn  P.  O.  Box  7463 

OICY  Attn  Ida  Librarian  Ruth  S  Smith  Colorado  Springs,  CO  80933 
OICY  Attn  Ernest  Rauer  OICY  Attn  W  Foster  Rich 

OICY  Attn  Frank  H  Shelton 
OICY  Attn  P  Jesson 
OICY  Attn  Library 
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Kent  State  University 
Dept  of  Chemistry 
Kent  O  44242 

OICY  Attn  W  C  Femellus 

KMS  Industries,  Incorporated 
P.  O.  Box  1778 
Ann  Arbor,  M  48106 
OICY  Attn  Library 

Lewis,  Dr  Harold  W. 

P.  O.  Box  6234 
Santa  Barbara  C  A  93111 
OICY  Attn  Harold  W  Lewis 

Lockheed  Missiles  and  Space  Co  Inc 
3251  Hanover  Street 
Palo  Alto,  Ca  94304 
OICY  Attn  Tom  James  D/52-54 
OICY  Attn  Richard  G  Johnson  Dept  52-12 
OICY  Attn  Robert  D  Sears  Dept  52-54 
OICY  Attn  Billy  M  McCormac  Dept  52-54 
OICY  Attn  John  Kumer  D  52-54  - 

OICY  Attn  Robert  C  Gunton  Dept  52-54 
OICY  Attn  John  R  Cladls  Dept  52-12 
OICY  Attn  Martin  Walt  Dept  52-10 
OICY  Attn  GHNakano  D/ 52-12  B/205 
OICY  Attn  J  B  Reagan  D/52-12 

Lowell,  University  of 
Center  for  Atmospheric  Research 
450  Aiken  Street 
Lowell,  Ma  01854 
OICY  Attn  GTBest 

Martin  Marietta  Corporation 
Denver  Division 
P.  O.  Box  179 
Denver,  CO  80201 

OICY  Attn  B  J  Bittner 

Maryland,  University  of 
Administration  Building 
College  Park,  MD  21030 
OICY  Attn  J  Vanderslice  Chem  Dept 
OICY  Attn  Dept  of  Physics  H  Griem 
OICY  Attn  Robert  J  Munn  Dept  of  Chem 
OICY  Attn  T  J  Rosenberg 
OICY  Attn  W  Benson  Institute  for  Molecular 


MajTO’ell  Laboratories,  Inc. 

9244  Balboa  Avenue 
San  Diego,  CA  92123 
OICY  Attn  Victor  Fargo 
OICY  Attn  A  N  Rostocker 
OICY  Attn  R  Hunter 
OICY  Attn  A  J  Shannon 

McDonald  Observatory  at  Mt  Locke 
Universitj'  of  Texas 
P.  O.  Box  1337 
Fort  Davis,  TX  79734 
OICY  Attn  B  Grabar 

McDonnell  Douglas  Corporation 
Post  Office  Box  516 
St.  Louis,  MO  63166 

OICY  Attn  Parameswar  Mahadevan 

McDonnell  Douglas  Corporation 
5301  Bolsa  Avenue 
Huntington  Beach,  CA  92647 
OICY  Attn  A  D  Goedeke 
OICY  Attn  J  Moule 
OICY  Attn  William  Olsen 

Michigan,  University  of 
Room  119,  Cooley  Bldg 
2355  Bonisteel  Blvd 
Ann  Arbor,  Ml  48109 
OICY  Attn  Tech  Library 
OICY  Attn  R  Meredith 

Midwest  Research  Institute 
425  Volker  Boulevard 
Kansas  City,  MO  64110 

OICY  Atto  Physics  Sec  Thomas  H  Milne 
OICY  Attn  Physics  Sec  Frank  T  Greene 

Minnesota,  University  of 
2030  University  Avenue,  S.  E. 
Minneapolis,  MN  55414 

(no  classified  to  this  address) 

OICY  Attn  J  R  Winkler 


Physics 
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Minnesota,  University  of 
Morris  Camous 
Morris,  MN  56267 

OICY  Attn  Merle  Hirsch 

Mission  Research  Corporation 
735  State  Street 
Santa  Barbara,  CA  93101 
OICY  Attn  W  White 
OICY  Attn  R  Stoeckly 
OICY  Attn  P  Fischer 
OICY  Attn  Neal  J  Carron 
OICY  Attn  Dave  Sowle 
OICY  Attn  Ralph  Kilb 
OICY  Attn  W  F  Crevier 
OICY  Attn  Daniel  F  Higgins 
OICY  Attn  M  Scheibe 
OICY  Attn  RNWflson 
OICY  Attn  M  Messier 
OICY  Attn  Conrad  L  Longmire 
OICY  Attn  D  Sappenfield 
OICY  Attn  R  Hendrick 
OICY  Attn  R  Bogusch 
OICY  Attn  R  Christian 
OICY  Attn  D  Archer 

Mission  Research  Corporation-San  Diego 
P.  O.  Box  1209 
La  Jolla,  CA  92038 

(Victor  A  J  Van  Lint) 

OICY  Attn  VAJ  Van  Lint 

Mitre  Corporation,  The 
P,  O.  Box  208 
Bedford,  MA  01730 

OICY  Attn  J  N  Freedman 
OICY  Attn  Library 
OICY  Attn  S  A  Morin  M/S 

IHitre  Corporation,  The 
Westgate  Research  Park 
1820  Dooley  Madison  Blvd. 

McLean,  VA  22101 

OICY  Attn  Allen  Schneider 


National  Academy  of  Sciences 
2101  Constitution  Avenue,  NW 
Washington,  DC  20418 

OICY  Attn  William  C  Bartley 
OICY  Attn  J  R  Stevers 
OICY  Attn  Edward  R  Dyer 

New  York  at  Buffalo,  State  Univ  of 
Buffalo,  NY  14214 

OICY  Attn  Gilbert  O  Brink 

Pacific-Sierra  Research  Corp. 
1456  Cloverfield  Blvd. 

Santa  Monica,  CA  90404 
OICY  Attn  E  C  Field  Jr. 

Pennsylvania  State  University 
Industrial  Security  Office 
Room  5,  Old  Main  Building 
University  Park,  PA  16802 
OICY  Attn  L  Hale 
OICY  Attn  JSNisret 

Pennsylvannia,  University  of 
Dept  of  Chemistry 
231  So.  34th  Street 
Philadelphia,  PA  19174 
OICY  Attn  W  R  Benner 

Photometries,  Inc. 

442  MarrettRoad 
Lexington,  MA  02173 
OICY  Attn  Irving  L  Kofsky 

Physical  Dynamics  Inc. 

P.  O.  Box  1069 
Berkeley,  CA  94701 
OICY  Attn  A  Thompson 
OICY  Attn  Joseph  R  Workman 

Physical  Sciences,  Inc. 

30  Commerce  Way 
Woburn,  M  A  01801 

OICY  Attn  RL  Taylor 
OICY  Attn  Kurt  Wray 
OICY  Attn  G.  Caledonip 
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Physics  International  Company 
2700  Merced  Street 
San  Leandro,  CA  94577 
OICY  Attn  Eve  Swan 
OICY  Attn  DOC  CON  for  Tech  Lib 

Pittsburgh,  University  of 
of  the  Comwlth  Sys  of  Higher  Educ 
Cathedral  of  Learning 
Pittsburgh,  PA  15260 
OICY  Attn  Wade  L  Fite 
OICY  Attn  Frederick  Kaufman 
OICY  Attn  Manfred  A  Biondi 
OICY  Attn  Edward  Gerjuoy 

Princeton  Univ,  The  trustees  of 
Forrestal  Campus  Library 
Box  710 

Princeton  University 
Princeton,  N  J  08540 

(use  P.  O.  Box  36  for  unclassified  only) 
OICY  Attn  Arnold  J  Kelly 

Quantum  Systems,  Inc. 

457-K  Washington  Street,  S.  E. 
Albuquerque,  N  M  87108 
OICY  Attn  S  Ormonde 

R  &  D  Associates 
P.  O.  Box  9695 
Marina  Del  Rey,  CA  90291 
OICY  Attn  S  Clay  Rogers 
OICY  Attn  Richard  Latter 
OICY  Attn  R  P  Turco 
OICY  Attn  DDee 
03CY  Attn  Forrest  Gilmore 
OICY  Attn  Albert  L  Latter 
OICY  Attn  Bryan  Gabbard 
OICY  Attn  William  J  Karzas 
OICY  Attn  R  G  Lindgren 
OICY  Attn  wniiam  R  Graham  Jr 
dCY  Attn  Robert  E  Lelevier 
OICY  Attn  HAOry 


R  &  D  Associates 
1815  N.  Ft.  Myer  Drive 
nth  Roor 

Arlington,  VA  22209 

OICY  Attn  J  W  Rosengren 
OICY  Attn  Herbert  J  Mitchell 

Radiation  Research  Associates,  Inc. 

3550  Hulen  Street 
Fort  Worth,  TX  76107 
OICY  Attn  N  M  Schaeffer 

Rand  Corporation,  The 
1700  Main  Street 
Santa  Monica,  CA  90406 
OICY  Attn  Technical  Library 
OICY  Attn  James  Oakley 
OICY  Attn  Paul  Tamarkin 
OICY  Attn  Cullen  Crain 

Rice  University 
Department  of  Space  Science 
Houston,  TX  77058 

OICY  Attn  Ronald  F  Stebbings 
OICY  Attn  Joseph  Chamberlain 

Rice  University,  William  Marsh 
P.  O.  Box  2692 
Houston,  Tx  77001 

(all  classif  led  corres  attn:  industrial  sec 
OICY  Attn  J  Chamberlain 

Riverside  Research  Institute 
80  West  End  Avenue 
New  York,  NY  10023 

OICY  Attn  Donald  H  Koppel 
OICY  Attn  J  B  Minkoff 
OICY  Attn  G  Glaser 

Science  Applications,  Inc. 

P.  O.  Box  2351 
La  Jolla,  Ca  92038 

OICY  Attn  Daniel  A  Hamlin 
OICY  Attn  D  Sachs 
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Scioice  Applications,  Inc. 

Huntsville  Division 
2109  W.  Clinton  Avenue 
Suite  700 

Huntsville,  AL  3580S 
OICY  Attn  Noel  R 

Science  Applications,  Inc. 

2680  Hanover  Street 
Palo  Alto,  CA  94303 
OICY  Attn  R  Johnston 

Science  Applications,  Inc. 

Ann  Arbor  Office 
P.  O.  Box  328 
Ann  Arbor,  Ml  48107 
.  OICY  Attn  R  Meredith 

Science  Center 

Rockwell  International  Center 
P.  O.  Box  1085 
Thousand  Oaks,  CA  91360 

OICY  Attn  H  M  Coogan  Acq  Lib 

Sechrist,  Professor  Chalmers  F . 

155  Electrical  Engineering  Bldg. 
University  of  Illinois 
Urbana,  IL  61801 

OICY  Attn  C  Sechrist 

Smithsonian  Astrophysical  Observatory 
185  Alewife  Brook  Parkway 
Cambridge,  MA  02138 
OICY  Attn  A  Dalgamo 

Southern  California,  Univ  of 
University  Park 
Los  Angeles,  CA  90007 
OICY  Attn  S  W  Benson 

Space  Data  Corporation 
1331  Sou^  26th  Street 
Phoenix,  AZ  85034 

OICY  Attn  Edward  F  Allen 


Stanford  Research  Institute 
333  Ravenswood  Avenue 
Menlo  Park,  CA  94025 

OICY  Attn  Allen  M  Peterson 
OICY  Attn  D  J  Hildenbrand 
OICY  Attn  J  Lomax 
OICY  Attn  Burt  R  Gasten 
OICY  Attn  D  J  Eckstrom 
OICY  Attn  Felix  T  Smith  (unci  only) 
OICY  Attn  D  L  Huestis 
OICY  Attn  E  Kindermann 
^  OICY  Attn  J  T  Moseley 
OICY  Attn  G  Black 
OICY  Attn  L  L  Cobb 
OICY  Attn  Arthur  Lee  Whitson 
OICY  Attn  James  R  Peterson 
OICY  Attn  Ray  L  Leadabrand 
OICY  Attn  M  Baron 
OICY  Attn  R  D  Hake  Jr 
OICY  Attn  T  G  Slanger 
OICY  Attn  Ronald  White 
OICY  Attn  Walter  G  Chestnut 
OICY  Attn  Vincent  L  Wlckwar 

Stanford  Research  Institute 
1611  North  Kent  Street 
Arlington,  VA  22209 

OICY  Attn  Warren  W  Beming 
OICY  Attn  Charles  Hulbert 

Stanford  Research  Institute 
306  Wynn  Drive,  N.  W. 

Huntsville,  AL  35805 

OICY  Attn  MacPherson  Morgan 

Dept  of  Chemistry 
Syracuse  University 
Syracuse,  NY  13210 

OICY  Attn  Technical  Library 

Systems,  Science  and  Software,  Inc. 
P.  O.  Box  1620 
La  Jolla,  CA  92038 

OICY  Attn  Ralph  C  Sklarew 
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Technology  International  Corporation 
75  Wiggins  Avenue 
Bedford,  MA  01730 
OICY  Attn  W  P  Boquist 

Texas  at  Dallas,  University  of 
P.  O.  Box  688 
Richardson,  TX  75080 

OICY  Attn  A  B  Christensen 

Texas  System,  University  of 
P.  O.  Box  7726 
Austin,  Tx  78712 

OICY  Attn  J  C  Browne 

The  Rector/Visitors  of  the  Univ  of  Va 
School  of  Engineering  &  Appl  science 
Rsch  Labs  of  the  Engineering  Sciences 
P.  O,  Box  336  University  Station 
Charlottesville,  VA  22903 
OICY  Attn  R  McKnight 
OICY  Attn  R  C  Ritter 
OICY  Attn  HP  Kelly 

TRW  Systems  Group 
One  Space  Park 
Redondo  Beach,  CA  90278 

OICY  Attn  Tech  Info  Center/S"i930 
OICY  Attn  R  Watson  Rl/1096 
OICY  Attn  R  K  Plebuch  Rl-2078 
OICY  Attn  J  F  Friichtenicht  Rl-1196 

United  Technologies  Corpoiration 
755  Main  Street 
Hartford,  CT  06103 
OICY  Attn  Robert  H  Bullis 
OICY  Attn  H  Michels 


Utah  State  University 
Logan,  UT  84321 
OICY;  Attn  C  Wyatt 
OICY  Attn  Doran  Baker 
OICY  Attn  William  M  More  Chemistry  Dept 
OICY  Attn  Kay  Baker 
OICY  Attn  D  Burt 

Visidj-ne,  Inc. 

19  Third  Avenue 
North  West  Industrial  Park 
Burlington,  MA  01803 
OICY  Attn  William  Reidy 
OICY  Attn  R  Waltz 
OICY  Attn  Charles  Humphrey 
OICY  Attn  Heniy  J  Smith 
OICY  Attn  T  C  Degges 
OICY  Attn  J  W  Carpenter 

Wayne  State  University 
1064  MacKenzie  Hall 
Deti’oit,  Ml  48202 

OICY  Attn  Pieter  K  Rol,  Chem  Engrg  &  Mat  Sci 
OICY  Attn  R  H  Kummler 

Wayne  State  Universitj' 

Dept,  of  Physics 
Detroit,  Ml  48202 
OICY  Attn  Walter  E  Kauppila 

Westinghouse  Electric  Corporation 
Research  and  Development  Center 
1310  Beulah  Road,  Churchill  Borough 
Pittsburgh,  PA  15235 
OICY  Attn  P  J  Chantry 

Yale  University 
New  Haven,  CT  06520 
OICY  Attn  Engineering  Department 
OICY  Attn  Physics  Dept,  Vernon  Hughes 
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